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Figure S1. Experimental animal phenotype. PFHxS exposure from GD7 to GD17 for pregnant 

mice (mean ± SEM). The exposure dose were 0.3 (High) and 0.03 (Low) μg/kg/day, which were 

administered in corn oil with 0.1% DMSO; and the Control was corn oil with 0.1% DMSO. (A) 

Maternal weight; (B) Food consumption; (C) Liver/Body weight ratio; (D) Brain/Body weight 

ratio; (E) Liver births per litter. N = 6 in each group, P values were determined by One-way 

Analysis of Variance, all P > 0.05. Data in (A-E) are also presented in Excel Table S18. Notes: 

DMSO, dimethyl sulfoxide; GD, gestational day; PFHxS, perfluorohexane sulfonate; SEM, 

Standard Error of Mean. 

Figure S2. The distribution of core genes in GSEA. (A) The distribution of core genes in GSEA 

for placenta development. (B) The distribution of core genes in GSEA for multicellular organism 

metabolic process. (C) The distribution of core genes in GSEA for anion transmembrane 

transport. N = 6 in each group, including 3 males and 3 females. P and FDR values were 

determined by permutation test and Benjamini-Hochberg method, respectively. Data in (A-C) are 

also presented in Excel Table S19. Notes: FDR, false discovery rate; GO, Gene Onotology; 

GSEA, gene set enrichment analysis; PFHxS, perfluorohexane sulfonate. 
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Figure S3. Signal pathways in multiple biological processes of placental development in response 

to PFHxS exposure. (A) Heatmap showing the DEGs profile of development gene set between 

high-dose group and control. (B) Heatmap showing the DEGs profile of metabolic process gene 

set between high-dose group and control. (C) Heatmap showing the DEGs profile of proliferation 

gene set between high-dose group and control. (D) Heatmap showing the DEGs profile of 

transport gene set between high-dose group and control. (E) GSEA showing the positive 

enrichment of TGF β signaling pathway in high-dose group compare to control. (F) GSEA 

showing the positive enrichment of p53 signaling pathway in high-dose group compare to control. 

(G) GSEA showing the positive enrichment of Wnt signaling pathway in high-dose group 

compare to control. (H) UpSetR plot showing the number of unique and shared DEGs between 

development, proliferation, metabolic process and transport gene sets. (I) Circos plot showing GO 

analysis of shared DEGs for 4 gene sets. N = 6 in each group, including 3 males and 3 females. P 

and FDR values were determined by permutation test and Benjamini-Hochberg method (E, F and 

G), respectively. Data in (A-I) are also presented in Excel Table S20. Notes: DEGs, differentially 

expressed genes; FDR, false discovery rate; GSEA, gene set enrichment analysis; PFHxS, 

perfluorohexane sulfonate. 

Figure S4. AS analyses in multiple signal pathways of metabolism and transport after PFHxS 

exposure. (A) The number of differential AS events in male placenta with PFHxS expose 

compare to control. (B) The number of differential AS events in female placenta with PFHxS 

expose compare to control. (C) The proportion of differential AS events in male and female 

placenta with PFHxS expose compare to control. (D) GO analysis showing the genes with AS 

event are enriched in multiple signal pathways of metabolism and transport in male placenta. (E) 

GO analysis showing the genes with AS event are enriched in multiple signal pathways of 

metabolism and transport in female placenta. (F) Heatmap showing the profile of splicing factors 

in male and female placenta with PFHxS expose compare to control. N = 6 in each group, 

including 3 males and 3 females. P values were determined by hypergeometric test (D and E). 

Data in (A-F) are also presented in Excel Table S21. Notes: AS, alternative splicing; GO, Gene 

Onotology; PFHxS, perfluorohexane sulfonate. 

Figure S5. AS analyses in multiple signal pathways of placental development after PFHxS 

exposure. (A) KEGG pathway interaction analysis showing the relationship between signal 

pathways in RI gene set. (B) KEGG pathway interaction analysis showing the relationship 

between signal pathways in A3SS gene set. (C) KEGG pathway interaction analysis showing the 

relationship between signal pathways in A5SS gene set. (D) KEGG pathway interaction analysis 

showing the relationship between signal pathways in SE gene set. (E) KEGG pathway interaction 

analysis showing the relationship between signal pathways in MXE gene set. (F) Reactome 

analysis showing the genes with AS event are enriched in multiple signal pathways related to 

placental development. N = 6 in each group, including 3 males and 3 females. P values were 

determined by hypergeometric test (F). Data in (A-F) are also presented in Excel Table S22. 

Notes: A3SS, alternative 3’plice site; A5SS, alternative 5’plice site; AS, alternative splicing; 

KEGG, Kyoto Encyclopedia of Genes and Genomes; MXE, exclusion exon; SE skipped exon; 

PFHxS, perfluorohexane sulfonate; RI, retained intron. 

 



Figure S6. Evaluation of placental amino acid transport in the high-dose group and control in 

both genders. (A) The quantitative analysis of mRNA of 12 amino acid transporters in placenta (N 

= 6, mean ± SEM). (B) The profile of 29 amino acids and 44 amides in male placenta (N = 5). (C) 

The profile of 29 amino acids and 44 amides in female placenta (N = 5). P values were 

determined by Student’s t test (A), *P < 0.05. Data in (A-C) are also presented in Excel Table 

S23. Note: PFHxS, perfluorohexane sulfonate; SEM, Standard Error of Mean. 
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Figure S1. Experimental animal phenotype. PFHxS exposure from GD7 to GD17 for pregnant 
mice (mean ± SEM). The exposure dose were 0.3 (High) and 0.03 (Low) μg/kg/day, which were 
administered in corn oil with 0.1% DMSO; and the Control was corn oil with 0.1% DMSO. (A) 
Maternal weight; (B) Food consumption; (C) Liver/Body weight ratio; (D) Brain/Body weight 
ratio; (E) Liver births per litter. N = 6 in each group, P values were determined by One-way 
Analysis of Variance, all P > 0.05. Data in (A-E) are also presented in Excel Table S18. Notes: 
DMSO, dimethyl sulfoxide; GD, gestational day; PFHxS, perfluorohexane sulfonate; SEM, 
Standard Error of Mean.  
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Figure S2. The distribution of core genes in GSEA. (A) The distribution of core genes in GSEA 
for placenta development. (B) The distribution of core genes in GSEA for multicellular organism 
metabolic process. (C) The distribution of core genes in GSEA for anion transmembrane transport. 
N = 6 in each group, including 3 males and 3 females. P and FDR values were determined by 
permutation test and Benjamini-Hochberg method, respectively. Data in (A-C) are also presented 
in Excel Table S19. Notes: FDR, false discovery rate; GO, Gene Onotology; GSEA, gene set 
enrichment analysis; PFHxS, perfluorohexane sulfonate.  
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Figure S3. Signal pathways in multiple biological processes of placental development in response 
to PFHxS exposure. (A) Heatmap showing the DEGs profile of development gene set between 
high-dose group and control. (B) Heatmap showing the DEGs profile of metabolic process gene 
set between high-dose group and control. (C) Heatmap showing the DEGs profile of proliferation 
gene set between high-dose group and control. (D) Heatmap showing the DEGs profile of 
transport gene set between high-dose group and control. (E) GSEA showing the positive 
enrichment of TGF β signaling pathway in high-dose group compare to control. (F) GSEA 
showing the positive enrichment of p53 signaling pathway in high-dose group compare to control. 
(G) GSEA showing the positive enrichment of Wnt signaling pathway in high-dose group 
compare to control. (H) UpSetR plot showing the number of unique and shared DEGs between 
development, proliferation, metabolic process and transport gene sets. (I) Circos plot showing GO 
analysis of shared DEGs for 4 gene sets. N = 6 in each group, including 3 males and 3 females. P 
and FDR values were determined by permutation test and Benjamini-Hochberg method (E, F and 
G), respectively. Data in (A-I) are also presented in Excel Table S20. Notes: DEGs, differentially 
expressed genes; FDR, false discovery rate; GSEA, gene set enrichment analysis; PFHxS, 
perfluorohexane sulfonate. 
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Figure S4. AS analyses in multiple signal pathways of metabolism and transport after PFHxS 
exposure. (A) The number of differential AS events in male placenta with PFHxS expose compare 
to control. (B) The number of differential AS events in female placenta with PFHxS expose 
compare to control. (C) The proportion of differential AS events in male and female placenta with 
PFHxS expose compare to control. (D) GO analysis showing the genes with AS event are enriched 
in multiple signal pathways of metabolism and transport in male placenta. (E) GO analysis 
showing the genes with AS event are enriched in multiple signal pathways of metabolism and 
transport in female placenta. (F) Heatmap showing the profile of splicing factors in male and 
female placenta with PFHxS expose compare to control. N = 6 in each group, including 3 males 
and 3 females. P values were determined by hypergeometric test (D and E). Data in (A-F) are also 
presented in Excel Table S21. Notes: AS, alternative splicing; GO, Gene Onotology; PFHxS, 
perfluorohexane sulfonate.
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Figure S5. AS analyses in multiple signal pathways of placental development after PFHxS 
exposure. (A) KEGG pathway interaction analysis showing the relationship between signal 
pathways in RI gene set. (B) KEGG pathway interaction analysis showing the relationship 
between signal pathways in A3SS gene set. (C) KEGG pathway interaction analysis showing the 
relationship between signal pathways in A5SS gene set. (D) KEGG pathway interaction analysis 
showing the relationship between signal pathways in SE gene set. (E) KEGG pathway interaction 
analysis showing the relationship between signal pathways in MXE gene set. (F) Reactome 
analysis showing the genes with AS event are enriched in multiple signal pathways related to 
placental development. N = 6 in each group, including 3 males and 3 females. P values were 
determined by hypergeometric test (F). Data in (A-F) are also presented in Excel Table S22. 
Notes: A3SS, alternative 3’plice site; A5SS, alternative 5’plice site; AS, alternative splicing; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; MXE, exclusion exon; SE skipped exon; 
PFHxS, perfluorohexane sulfonate; RI, retained intron.  
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Figure S6. Evaluation of placental amino acid transport in the high-dose group and control in both 

genders. (A) The quantitative analysis of mRNA of 12 amino acid transporters in placenta (N = 6, 

mean ± SEM). (B) The profile of 29 amino acids and 44 amides in male placenta (N = 5). (C) The 

profile of 29 amino acids and 44 amides in female placenta (N = 5). P values were determined by 

Student’s t test (A), *P < 0.05. Data in (A-C) are also presented in Excel Table S23. Note: PFHxS, 

perfluorohexane sulfonate; SEM, Standard Error of Mean.  
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